Plasma concentration was measured after rectal and nasogastric administration of paracetamol 15 mg/kg to 28 febrile children aged between 9 days to 7 years who had undergone cardiac surgery. After equivalent doses, rectal administration in neonates and children on the first postoperative day was found to produce plasma concentrations below the therapeutic range with higher concentrations after nasogastric paracetamol on the second postoperative day. There was less variance in plasma paracetamol concentrations in neonates. Both plasma elimination half life and area under the plasma concentration time curve were significantly increased in neonates after suppository dosing compared with older children. There was no difference in antipyretic effect between the two routes of administration, but this was much lower than that previously reported in febrile children.
Awareness of the possible role of aspirin in the aetiology of Reye's syndrome and its subsequent withdrawal from everyday paediatric practice has led to an increasing reliance upon paracetamol as the simple analgesic and antipyretic of choice in children. In some situations oral treatment may be inappropriate and rectal administration by suppository has been shown to be an effective and practical alternative. ' 2 Situations in which the rectal route may be chosen include those patients whose clinical condition precludes oral treatment, for example, children who have recently undergone major surgery.
The administration of paracetamol may be necessary in the postoperative period for either its analgesic or antipyretic effects or both. Much recent interest has centred upon safe and efficient forms of postoperative analgesia in neonates, and paracetamol may have a role after some forms of surgery. 3 An abnormally high body temperature is commonly found during the first 24-48 hours after cardiac surgery. The cause for this is unknown but harm to the patient may be expected to become more likely with increasing temperature as a result of increasing myocardial oxygen demand. At temperatures above 41°C severe and permanent damage to the central nervous system can occur. A recommended scheme of management for postoperative fever in paediatric cardiac surgical patients is paracetamol suppositories every four hours in a dose of 10 mg/kg when rectal temperature exceeds 383°CG. 4 Little is known about the pharmacokinetics of paracetamol in young children, particularly in those who are severely ill. Pharmacokinetic studies in healthy adults show plasma elimination half life (t½/2 13) to be 2 5 hours after oral and intravenous administration with a reduced bioavailability after oral dosing, possibly due to 'first-pass' metabolism. On the second postoperative day, providing bowel sounds were present, the process was repeated with paracetamol via a nasogastric tube. The dose used was 15 mg/kg given to the nearest 12 mg (that is, 0 5 ml of Calpol (Calmic) infant suspension 120 mg in 5 ml). After collection the samples were centrifuged and the separated plasma stored at -20°C until assayed for paracetamol. The assay used was the Acetaminophen TDx assay. This is a commercially available fluorescence polarisation immunoassay (Abbott Pharmaceuticals) whose accuracy has been shown over a wide range of concentrations when compared with high pressure liquid chromatography (Abbott Laboratories, data on file). When assaying standard preparations over the range of plasma concentrations encountered, the coefficient of variability of this method in our hands was <5%. ,3=2 303xslope, and t½/2 P=0 693/,B.
The maximum plasma paracetamol concentration for each patient was noted (Cmax) as was the time at which each peak occurred (Tmax). The values for AUC and Cmax were normalised for dose before subjecting them to within age group comparison using the Kruskal-Wallis one way analysis of variance and to intergroup comparison using analysis of variance. Interaction between dose, AUC, and Cmax and the effects of dose, AUC, and Cmax on the observed maximum individual fall in temperature, were analysed using linear regression.
Results
Twenty eight children were studied, and all received a rectal dose of paracetamol on the first postoperative day. It was possible to restudy 13 patients 24 hours later after a nasogastric dose of paracetamol. Because of technical reasons temperature data were only collected from five of the neonates after suppository administration. Retention of suppository occurred in every subject.
Demographic data and details of doses are given in table 1. Only two of the 28 rectally dosed patients achieved normalised plasma concentrations within the 10-20 ,tg/ml range. In contrast seven of the 13 nasogastrically dosed patients achieved plasma concentrations in this range. Figures 1 to 6 show individual plasma concentration against time for the three age groups. Summary statistics derived from these are given in table 2. There was no significant difference in AUC between suppository and nasogastric Plasma paracetamol concentration in neonates after suppository. Figure 2 Plasma paracetamol concentration in neonates after nasogastric dose. Plasma paracetamol concentration in infants after suppository. Figure 4 Plasma paracetamol concentration in infants after nasogastric dose.
Plasma paracetamol concentration in children after suppository. Figure 6 Plasma paracetamol concentration in children after nasogastric dose. Figure 9 Mean temperature change in children after suppository or nasogastric dose (bar is 95% confidence interval). routes in neonates and infants. The mean AUC value in children after suppository was significantly lower than after nasogastric dosing (Kruskal-Wallis test H=6 76, df=1, p=0 009). The AUC in neonates after suppository was significantly greater than in infants or children (F ratio 9 8, p=000099). The AUC in children after nasogastric dosing was significantly lower than in neonates and children (F ratio 7-24, p=0-011). For AUC results after suppository combining all groups there was a significant correlation with dose thus: AUC (pg/hour/ml)=-33-8+3 9xdose (mg/kg) r=0-58, p=0 003
Cmax values were significantly lower after suppository compared with nasogastric dosing in neonates (H=5-72, df=l, p=0-016) and children (H=4-27, df=1, p=0 037). There was no significant difference in Cmax values between age groups.
There was no significant difference within groups for time to maximum plasma concentration Tmax and for t1/2 P3. The time to maximum plasma concentration was significantly prolonged in children after both suppository (F=8-73, p=0-0016) and nasogastric dosing (F=4-49, p=0 039). The t½/2 was significantly prolonged in neonates after suppository dosing (F=9-75, p=0-001) but there was no significant difference between age groups after nasogastric dosing.
Figures 7 to 9 show mean changes in temperature for the three groups. Summary statistics of maximum individual fall in temperature were obtained and there was no significant correlation between Cmax, dose, AUC, and maximum temperature fall. Temperature reduction occurred in all groups with no significant differences within or between groups.
In all patients paracetamol concentrations were zero before commencing the study and results of liver function tests remained normal throughout. Discussion (1) SAFETY Our results confirm the safety of single doses of paracetamol in this group of patients. Liver toxicity is likely if the plasma paracetamol concentration exceeds 120 1tg/ml four hours after ingestion.'5 In none of our patients did plasma paracetamol exceed 20 ,ug/ml at any time after doses of up to 25 mg/kg. The effective plasma concentration of paracetamol for analgesia and antipyresis is quoted as 10-20 [ig/ml.15 In our patients nasogastric paracetamol on the second postoperative day proved to be a more predictable means of achieving these concentrations than equivalent rectal doses given on the first postoperative day. The peak plasma concentrations after paracetamol suppositories were higher than those of 4-0 (SD [1] [2] [3] [4] [5] [6] pg/ml previously described after a (lower) dose of 10 mg/kg by suppository in nine children aged [7] [8] [9] [10] [11] [12] years." The peak plasma concentrations after nasogastric administration are similar to those in another study with peaks of 9-96-19 6 ,ug/ml after [12] [13] [14] (FIG 10) Mean t½/2 in children in this study (2-3 hours) resembles closely that previously found in adults after oral and intravenous administration (2-5 hours).5 Similarly, t½/2 I in neonates (3-8 hours) after suppository is close to that previously determined in another urinary excretion study (3-5 hours).7 The difference between t½/2 j3 values for neonates, infants, and children after nasogastric dosing was not significant and this is in agreement with earlier work.8 (4) PLASMA CONCENTRATION TIME CURVE (AUC) (FIG 11) The AUC is dependant upon both bioavailability and drug clearance. The relative bioavailability of oral and rectal paracetamol is known to be <1I0 therefore direct calculation of volume of distribution and clearance from the AUC is invalid. It has also been shown that the bioavailability of paracetamol is dose dependant, and has greater variability at higher doses. The design of this study does not preclude an order effect as the suppositories were always administered before the nasogastric dose. There is no evidence from previous pharmacokinetic studies, however, to suggest that this would influence the results we obtained, and this is the sequence that is employed in clinical practice. In summary, caution should always be employed when translating the results of pharmacokinetic studies to the clinical situation. We believe that the low absolute paracetamol concentrations may explain the disappointing clinical effect in our patients, although it is also possible that the fever which follows cardiac surgery is less amenable to paracetamol treatment than is fever due to infection.
It is apparent from this study that triglyceride based suppositories in a dose of 15 mg/kg may produce plasma concentrations that are subtherapeutic, but also nasogastric administration in children who have received opiates may be no more effective. The pharmacokinetic values are in agreement with previous findings. We believe that further studies are needed to see whether there is any tendency for paracetamol to accumulate in neonates after regular dosing with suppository in view of the prolonged half life, and to assess the response to increased dosing with suppository in older children. In the meantime, as one method of urgently reducing a child's temperature shortly after major surgery, if the oral route is not available, we would recommend a single triglyceride based suppository in a dose of 20-25 mg/kg as being safe and possibly more effective than previously recommended doses.
